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PreviewsGTP-binding proteins that form hetero-
oligomeric complexes that can further
assemble into higher-order structures
such as filaments and rings (Mostowy
and Cossart, 2012). Septins can create
lateral diffusion barriers for membrane
compartmentalization, as has been
shown at the base of cilia and at the
midbody during cytokinesis. Although a
complete mechanistic explanation is still
missing, Sharma et al. (2013) now pro-
pose a new functional role of septins.
They observed that septin 4 relocalizes
to the PM and thereby promotes interac-
tion of Orai1 with ER-PM junction-local-
ized STIM1 following ER Ca2+ store
depletion. They proposed that the effects
of septin 4may bemediated by its binding
to phosphatidylinositol (4,5)-bisphos-
phate (PIP2) at the PM. As potential
mechanisms, it is plausible that septins
directly or indirectly put Orai1 in a state
in which it can freely diffuse within the
PM to bind STIM1 at ER-PM junctions
following ER Ca2+ store depletion. Addi-
tionally, rearrangement of septin filaments
around ER-PM junctions during SOCE118 Developmental Cell 26, July 29, 2013 ª2may stabilize the formation of STIM1-
Orai1 complexes. Nevertheless, alterna-
tive, more indirect effects may also need
to be considered. It has for example
been shown that SOCE and Ca2+ in-
creases enhance cell adhesion, which
can bring the PM closer to the adhesion
surface. The enhanced cell adhesion
may in turn increase TIRF signals from
fluorescently tagged septins or PIP2 sen-
sors in selected regions of the cell, poten-
tially explaining some of the apparent
recruitment data. Although the presented
data are intriguing, more mechanistic
data will be needed to understand how
septins contribute to signaling at ER-PM
junctions.
In conclusion, Sharma et al. (2013)
provide a genome-wide data set of
putative regulators of SOCE and NFAT
nuclear translocation and identify septins
as new regulators of SOCE that promote
efficient interactions of Orai1 with STIM1.
These findings add an interesting struc-
tural and regulatory protein to the known
players controlling signaling at ER-PM
junctions.013 Elsevier Inc.REFERENCES
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Midzone microtubules keep chromosomes apart after segregation and provide a platform for cytokinesis
factors. Reporting recently in Cell, Subramanian et al. (2013) describe how the motor protein kinesin-4 and
the microtubule-associated protein PRC1 work together to mark microtubule ends for incorporation into
the midzone in a length-dependent manner.During cell division, the shape and
dynamic properties of the microtubule
cytoskeleton undergo a number of re-
markable transitions. One of these is the
transition of highly dynamic, metaphase
spindle microtubules into relatively stable,
midzone microtubules in anaphase.
These overlapping, antiparallel midzone
microtubules form a platform for other
midzone proteins and cytokinesis factors(Eggert et al., 2006). We now know that
midzone microtubule formation is deter-
mined by the combined action of microtu-
bule bundling proteins and kinesin motor
proteins (Janson et al., 2007), and PRC1
(Protein Required for Cytokinesis-1) and
kinesin-4 have emerged as key players
in human cells (Kurasawa et al., 2004;
Bieling et al., 2010). PRC1 is a homodimer
that localizes to the midzone (Mollinariet al., 2002), where it crosslinks antipar-
allel microtubules. The localization of
PRC1 depends on the activity of kinesin-4
(Zhu and Jiang, 2005), a plus-end-
directed motor protein that inhibits micro-
tubule dynamics (Bringmann et al., 2004).
An open question is how PRC1 and kine-
sin-4 target a subset of biochemically
identical spindlemicrotubules and specify
their fate as midzone microtubules.
Figure 1. Model for Length-Dependent End Tag Formation by PRC1 and Kinesin-4
PRC1 and kinesin-4 form a stable complex in solution. The number of PRC1-kinesin-4 complexes that
binds to microtubules depends on their length. Nearly all of these complexes arrive at the microtubule
end due to the very high processive run lengths of these complexes, initiating the formation of an end
tag. The end tag grows due to a traffic jam at the microtubule end. The end tag reaches a steady-state
length when the arrival rate of new PRC1-kinesin-4 complexes equals their dissociation rate from the
end tag.
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PreviewsIn a recently published paper in Cell,
Subramanian et al. (2013) show that
midzone microtubules are marked by
a length-dependent mechanism. The
authors provide the first complete crystal
structure of a microtubule bundling pro-
tein (PRC1). They show that PRC1 is
an elongated molecule consisting of a
C-terminal spectrin microtubule binding
domain, a long rod domain, and an
N-terminal dimerization domain. The rod
domain consists of a complex array of a-
helices. The N terminus is responsible for
dimerization of PRC1 and facilitates,
together with parts of the rod domain,
the binding of other proteins like
kinesin-4. The overall structure of PRC1
is reminiscent of actin bundling proteins
and ideally suited to explain the changing
modes of stiffness for PRC1,which seems
to be flexible in solution and on single
microtubules but more rigid in crosslinked
microtubule arrays. The size of the homo-
dimer (32 nm) corresponds to the distance
of filaments in PRC1-inducedmicrotubule
bundles observed by electronmicroscopy
(35 nm), indicating that single PRC1
homodimers are responsible for cross-
linking antiparallel microtubules.
Subramanian et al. (2013) first establish
that human PRC1 and kinesin-4 interact
directly, as shown for their Xenopus ho-
mologs, and that human kinesin-4 inhibits
microtubule dynamics like its Xenopus
relative Xklp1. The authors use purifiedproteins in a total internal reflection fluo-
rescence microscopy assay to show that
kinesin-4 and PRC1 form micrometer-
sized, dynamic steady-state assemblies
at the plus end of microtubules in vitro,
which they call end tags. Remarkably,
the size of the PRC1-kinesin-4 end tags
scales linearly with microtubule length:
longer microtubules develop longer end
tags. The mechanism of length-depen-
dent end tag formation is explained as
follows (Figure 1): PRC1-kinesin-4 com-
plexes bind to the microtubule and move
processively to the plus end. As many
complexes reach the plus end, they pile
up in a traffic jam, initiating the formation
of an end tag. PRC1-kinesin-4 complexes
can dissociate from the end tag, but the
end tag will grow long as the arrival rate
of new complexes exceeds their rate of
dissociation. As the end tag grows,
however, the arrival rate of new com-
plexes into the end tag and their dissocia-
tion rates are altered. The steady-state
length of the end tag is reached when
the rate of arrival of PRC1-kinesin-4 com-
plexes at the plus end is equal to the
dissociation rate of complexes from the
end tags. Incredibly, Subramanian et al.
(2013) also observed length-dependent
end tags of PRC1-kinesin-4 in dividing
cells, validating their in vitro findings.
This model of length-dependent mark-
ing of microtubule ends is reminiscent of
the ‘‘antenna model’’ proposed by VargaDevelopmental Ceet al. (2006) for Kip3p, a kinesin-8 motor
protein that depolymerizes longer micro-
tubules faster than shorter microtubules.
The depolymerization activity of Kip3p
depends on the number of Kip3p mole-
cules that reach the microtubule end and
remove tubulin dimers, which in turn
depends on the number of Kip3p mole-
cules that bind to the microtubule. The
number of binding sites, and therefore
the speed of depolymerization, is propor-
tional to microtubule length. The antenna
model depends on the very long proces-
sive run lengths of Kip3p; essentially,
every Kip3p that binds to a microtubule
will reach its end. For kinesin-4, it is the
addition of PRC1 and its microtubule
binding domain that confers very long
processive run lengths. Amajor difference
between Kip3p and kinesin-4 is that Kip3p
does not accumulate at the end of a
microtubule. Rather, Kip3p dissociates
from the microtubule end during depoly-
merization. Effectively, end tags are
formed because the PRC1-kinesin-4
complexes form traffic jams at microtu-
bule ends. These traffic jams (which is to
say, end tags) are observed with kinesin-4
alone but grow much larger with the addi-
tion of PRC1 due to the enhanced proces-
sivity and lower dissociation rate of the
PRC1-kinesin-4 complex.
Size measurement of cells and organ-
elles is an intriguing problem. Molecules
only a few nanometers in size need to
detect and regulate organelles on micro-
meter scales. Motor proteins are ideal for
controlling and measuring microtubule
length. Because the number of binding
sites is a function of microtubule length,
highly processive motors will operate by
a mechanism known as size-dependent
accumulation (Chan and Marshall,
2012). In the case of PRC1 and kinesin-
4, the combined properties of the
molecules are responsible for length-
dependent end tag formation. At the
same time, both molecules also regulate
the microtubules they mark. Kinesin-4
inhibits microtubule dynamics and PRC1
forms antiparallel crosslinks and recruits
effector molecules to the midzone. The
collaboration of PRC1 and kinesin-4
provides a fast way to sample the
population of biochemically identical
spindle microtubules, regulate the dy-
namics of those that are marked, and
set up a zone of overlapping, antiparallel
microtubules. This team of motors andll 26, July 29, 2013 ª2013 Elsevier Inc. 119
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Previewsmicrotubule-associated proteins enables
the rapid transition of metaphase spindle
microtubules into anaphase midzone
microtubules. The mechanism of length-
dependent marking allows single mole-
cules to identify and influence the fate
of microtubules a thousand times their
size.
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Reporting recently in Cell, Lyons et al. (2013) reveal key roles for transient LSD1 histone demethylase activity
in activation of a single olfactory receptor allele and suppression of the rest of the olfactory receptor gene
family, thereby locking in the expression of a single olfactory receptor per sensory neuron.The regulation of gene expression during
development allows the formation of the
numerous distinct subtypes of cells that
are essential for the formation of all parts
of the body. The generally accepted
view of the role of gene regulation during
development is that increasingly specific
directed programs of gene expression
and associated cellular changes lead to
the formation of distinct cell types and tis-
sue types.
There are, however, instances whereby
a stochastic aspect of gene regulation
allows the development of unique identi-
ties among otherwise identical cells. One
such mechanism is the V(D)J DNA rear-
rangement, which generates an enor-
mously diverse set of T cell receptors
on T cells and immunoglobulins on B
cells. Another stochastic gene regulatory
mechanism involves alternative splicing.
The Down Syndrome Cell Adhesion
Molecule (DSCAM) gene in Drosophila
melanogaster has over 30,000 distinctforms (Schmucker et al., 2000), and
single-cell analyses showed that each
neuron expresses a stochastic subset of
these isoforms, which confers each cell
with a unique identity (Neves and
Chess, 2004). Similar splicing-mediated
generation of unique neuronal identity
has recently also been shown in mam-
mals through studies of protocadher-
ins (Lefebvre et al., 2012). The regulation
of mammalian odorant receptors (ORs)
is a third fascinating mechanism
wherein gene regulation leads to unique
identities for otherwise identical olfac-
tory neurons. In a recent issue of Cell, a
report by Lyons et al. (2013) regarding
the role of epigenetic modification in
stabilizing single OR expression opens a
window on the mechanism of OR gene
choice.
In the years after the discovery of the
multigene family encoding ORs, molecu-
lar studies showed that each olfactory
sensory neuron (OSN) expresses oneallele of one of the >1,000 genes (Chess
et al., 1994; Malnic et al., 1999). The
choice of a single OR is critical for both
odor detection and the proper wiring of
the projections of peripheral neurons to
the olfactory bulb (Ebrahimi and Chess,
2000). The mechanisms by which this
allele selection is achieved remained the
topic of much active research during the
last decade (reviewed in Merriam and
Chess, 2007). A unifying mechanism for
the singularity of OR expression involving
interchromosomal interactions and a
particular locus called H was initially pro-
posed, but later reports showed that H
was dispensable for all but a few OR
genes located in cis to H on the chromo-
some. Other notable studies provided
evidence for OR gene switching, as well
as a role for negative feedback inOR allele
selection. In 2011, work from Lomvardas
and colleagues described an epigenetic
signature for OR gene regulation (Mag-
klara et al., 2011) involving molecular
